Cable-stayed bridges subjected to wind excitations will cause intense vibration due to their high flexibility in characteristic. Employment of magnetorheological (MR) dampers to realize the vibration smart-control of cablestayed bridges has become a considerable research topic in recent decades. In this paper, the plane truss finite element model (FEM) of a cable-stayed bridge with MR dampers is established. Fluctuating wind field is generated using the weighted amplitude wave superposition (WAWS) method and Kaimal spectrum, and then the time-history sample curve of wind speed is obtained. Fluctuating wind-induced vibration of the long-span cable-stayed bridge installed with MR dampers is analyzed by linear quadratic regulator (LQR) classical optimal control strategy and LQR tri-state control strategy. After the optimal control force is calculated by LQR classical optimal control strategy, control parameters and the input currents of MR dampers can be determined according to the windinduced vibration by LQR tri-state control. Results show that longitudinal and vertical wind-induced vibration responses of the box girder of the cable-stayed bridge are reduced obviously when MR dampers are arranged between the box girder and pylons.
INTRODUCTION
Long-span cable-stayed bridges have been extensively employed since they were introduced to China in the 1970s due to their inherent mechanical effectiveness, economical design, and esthetic appearance. 1 However, a cable-stayed bridge with large flexibility and small damping is prone to produce a sharp vibration under excitation of wind-induced vibration. 2 It is well known that wind-induced vibration of cable-stayed bridges is a complex problem. This sharp vibration not only brings mental discomfort to pedestrians and drivers, but also endangers the safety of the bridge and influences the normal use of the bridge. 3 Therefore, fluctuating wind-induced vibration control of cable-stayed bridges has become a key issue which must be resolved. Theoretical analyses and field measurements have been conducted to investigate the characteristics and the mechanism of the complex phenomenon by domestic and foreign scholars. Pintoda deduced the nonlinear vibration equation under vertical excitation of the stay-cables by the Hamilton principle, and studied cable amplitude and internal force under different parameter vibrations produced by different cable angles. 4 Chen established a rain-wind induced vibration observation system on the Dongtin Lake Bridge in the Hunan province. 5 Gu studied rain-wind induced vibration mechanism on the basis of many tests. 6
Supplemental damping of cable-stayed bridges by some mechanical control devices could be an effective way of reducing the vibration due to wind. Ueda et al studied tuned mass dampers (TMD) for reducing vortex-induced vibrations of two circular steel stacks. 7 Yamazaki et al first proposed the use of a multi-stage pendulum mass damper to lessen the headroom requirement for the damper installation. 8 In recent decades, MR dampers with semi-active control algorithms have been proposed for cable vibration control widely for the advantages of inexpensive costs, controllable force, rapid responses, small power requirements, reliability, and stability. 9 Dyke et al combined an MR damper with shearing optimal algorithm and conducted a series of vibration tests which indicated that semi-active control is much more effective than passive control. 10 Liu studied a scale model of a cable-MR damper system and obtained a similar conclusion. 11 Wu et al studied a semiactive control algorithm based on displacement and direction of velocity to analyze the dynamic parameters of the cable-MR damper system. 12, 13 However, there were fewer applications of MR dampers to get control of wind-induced vibration of the whole cablestayed bridge while MR dampers were usually used for windinduced vibration control of stay-cables in recent decades.
